Background: Type 2 diabetes has become a disease with a high economic and social impact. The ARNO Observatory is a clinical data warehouse consisting of a network of local health care units (ASL) scattered throughout the Italian territory which collects data on health care consumption for about 10.5 million people. The purpose of this study was to evaluate the use of antidiabetic drugs with particular reference to type of treatment. The analyses were carried out on a sample of 169,375 patients treated with oral blood glucose-lowering drugs in 2008 from a total population of 4,040,624 health care beneficiaries at 12 local health care units in the ARNO Observatory. Methods: Patients were considered "on treatment with oral blood glucose-lowering drugs" if they had received at least one prescription of an antidiabetic drug (Anatomical Therapeutic Chemical code A10B) during 2008. The patients were divided into three treatment groups, ie, monotherapy, fixed-combination drugs, and dual therapy. The following indicators were assessed: number of patients treated with an oral antidiabetic drug, mean number of hospitalizations, mean number of specialist examinations, and mean expenditure per treated patient. Adherence was assessed using the medication possession ratio indicator (MPR). Results: Patients treated with oral blood glucose-lowering drugs comprised 4.2% of the investigated population, and had an average age of 68.9 years. The mean annual number of hospitalizations was lower in the dual therapy group (298 versus 328 per 1000 patients in the sample), while the average number of specialist examinations was lower in the fixed-combination group (30.1 versus 35.1). Patients on monotherapy showed a better percentage of adherence for glimepiride (70.5%) and pioglitazone (70.4%), whereas the best adherence in the fixedcombination therapy group was recorded for metformin + pioglitazone (75.5%). The average annual cost per diabetic patient was €2388, with differences between the monotherapy (€2321), fixed-combination (€2270), and dual therapy (€2465) groups. Fixed combination therapy involved a lower mean expenditure for insulin, other drugs, and specialist and diagnostic care. Thiazolidinediones (such as pioglitazone) showed the lowest average annual cost per patient among the monotherapies, with a marked decrease in costs for hospitalization, specialist care, and diagnostics.
Introduction
In recent years, type 2 diabetes has become a disease with a high economic and social impact. 1 The prevalence and incidence of this disease are rapidly increasing worldwide as a consequence of population ageing, changes in eating habits, and an increasingly sedentary lifestyle. The most recent prevalence estimates carried out in single Italian regions and provinces indicate that about 5%-6% of the country's adult population suffers from diabetes, corresponding to about 3 million people. 1 Diabetes is a very costly disease because it tends to be associated with the development of complications with time needing an increase in resources, with a heavy impact on health care expenditure. 2 The Cost of Diabetes in Europe-Type II study was carried out in 2008, prompted by the need of eight European countries (Belgium, France, Germany, Italy, The Netherlands, United Kingdom, Spain, Sweden) to estimate the costs of managing patients with the disease, its complications, and patient quality of life. 2 The results showed that, on average, a diabetic patient consumed almost €3000 a year in health care resources. More than half of these resources (59.8%) were accounted for by hospitalizations, 18.5% by outpatient care, and 21.7% by drug therapy. The total cost of treating complications greatly exceeded the cost of treatment of diabetes itself. The presence of one or more complications more than doubled the average cost per diabetic patient. The diabetic population consumed up to 6.65% of the entire public and private national health care expenditure. The average cost of assisting diabetic patients was more than double (221%) the average per capita health care expenditure. The local health care units in Brescia 3 recently monitored organizational, economic, and health indicators, with particular reference to the diabetic population, with very similar results. They found an average annual cost per diabetic patient of €2839, but if the subject only suffered from diabetes in its isolated form and had no other risk factors, the cost dropped to €892, ie, to about one third. The presence of an additional risk factor such as dyslipidemia increased the cost by 50%, mainly due to greater use of drugs. Indeed, this cost progressively increased, reaching €6365 with the combination of four diseases.
Progressive aging of the population and the concomitant increase in chronic degenerative diseases, such as diabetes, are putting ongoing stress on the financing of public health care expenditure in Italy. In the context of reduction and optimization of national health care expenditure, health care service units have developed tools for monitoring health care and drug expenditure, 4 with the aim of constantly controlling expenditure by health care professionals and assessing the achievement of targets in national and regional health care planning. 5 The ARNO Observatory was activated over 20 years ago as a collaboration between CINECA (Cineca is a non profit Consortium, made up of 54 Italian universities) and the pharmaceutical services of local health care units (ASL), with the aim of creating a database for clinical and health care planning, keeping the patient at the center of the process. 6 The ARNO Observatory supplies partnered local health care units with a clinical data warehouse on populations and problems, integrating individual patient data derived from various administrative databases (national health care system) on prescriptions to the single citizen, hospital discharge forms, specialist outpatient examinations, personal details, and sociodemographic data. At this time, the ARNO Observatory is made up of a network of 32 local health care units scattered nationwide and collects data on about 10.5 million citizens.
The possibility of exploiting and analyzing the ARNO Observatory database, so rich in information on drug prescriptions, is a unique opportunity to investigate the profile of antidiabetic drug prescriptions in a large patient population, the gap between "what should be done" (suggested by guidelines) and "what is actually done" in real clinical practice, and the economic commitment indicated by the prescription profiles. Analysis of the available information in this regard may be critical in the management, planning, and, if necessary, rationalization of health care expenditure. These resources and their integration are a powerful tool which can be used to support conventional research methods used in epidemiological studies. 7 Indeed, administrative databases offer low-cost information (because they are already available) regarding nearly all services provided in the health care environment. The aim of this study was to assess the use of antidiabetic agents with particular reference to the type of therapy (monotherapy, dual therapy, fixed combination) in patients enrolled in the ARNO Observatory in terms of:
• characteristics of patients on treatment with antidiabetic agents • the various therapies (monotherapy, dual therapy, fixed combination) • adherence to therapy and any differences in adherence between prevalent and incident patients, ie, those who did not take antidiabetic agents in the 4 years before enrolment submit your manuscript | www.dovepress.com
Dovepress

• patient costs for the three therapeutic strategies, including both antidiabetic and concomitant therapy.
Materials and methods
Sources of information
The analyses were carried out in a sample of 169,375 patients treated with oral blood glucose-lowering drugs during 2008 from a population of 4,040,624 health care beneficiaries at 12 local health care units in the ARNO Observatory sample. The available data concerned drugs prescribed for patients and paid for by the national health system, drugs directly supplied to patients by local health care units, and drugs supplied by hospitals through local pharmacies (DPC), both at enrolment and during the follow-up period ( Figure 1 ). To assess patient costs for the three therapeutic strategies, we also used data on hospital discharges and outpatient specialist examinations available for a local health care unit subsample (population about 2 million people). Local health care units were selected based on the simultaneous presence of these data at the time of processing (January to March 2011).
Inclusion criteria for sample
Patients were considered to be "on treatment with oral blood glucose-lowering drugs" if they had received at least one prescription of an antidiabetic drug (Anatomical Therapeutic Chemical [ATC] code A10B) during 2008. The nature of the first prescription and of later follow-up prescriptions for patients thus identified were recorded in the enrolment and follow-up periods. For some local health care units, we cross-checked the available data flows on hospitalizations and outpatient specialist care and diagnostics, recording any concomitant diseases and nursing load. The analysis excluded drugs dispensed in hospitals and in nursing homes. To assess consumption, we took into consideration the number of packs sold (pieces), gross total expenditure, and defined daily dose (DDD). These consumption indicators have been reported in selected cohort of patients treated with oral blood glucose-lowering drugs.
Patients were then divided into treatment groups based on the first blood glucose-lowering therapy prescribed during the enrolment period. The enrolment period was from January 1, 2008 to December 31, 2008, and the follow-up period for each patient was the 12 months following the antidiabetic agent prescription date in the enrolment period (ie, the last possible follow-up date was December 31, 2009). It was also possible to assess the period before each patient's enrolment, ie, the 4 years prior to the first antidiabetic prescription date in the inclusion period (the last possible date for the previous period was January 1, 2004) .
Stratification according to treatment group
Patients were divided into three treatment groups based on the first blood glucose-lowering agent prescribed during the enrolment period, ie, monotherapy, fixed-combination therapy, and dual therapy. Patients with a first prescription of only one of the drug groups in Table 1 were included in the monotherapy group, which also includes patients who started a monotherapy ATC and then switched to another monotherapy ATC during the follow-up period (Table 1) .
Patients with first prescription of a drug in the ATC A10BD group (combinations of oral blood glucose-lowering drugs, Table 1 ) and who continued on a fixed combination throughout the entire follow-up period were included in the fixed-combination group.
Finally, patients with a first and second prescription for oral blood glucose-lowering agents and an overlapping period of at least 15 days were included in the dual therapy group. In this group, some patients may have started dual therapy and gone on to monotherapy or fixed-combination therapy, or changed their type of dual therapy. This definition is consistent with the indications reported in the study by Cheong et al. 8 
Definition of indicators and statistical analysis
Adherence was measured using the medical possession ratio (MPR), which was calculated as the ratio of treatment units dispensed in the 365 follow-up days to the first prescription, and was estimated for patients who continued with their initial therapy throughout follow-up. Adherence was assessed as: 8, 9 MPR = total days of drug supply Number of days between the first and last prescription (+days covered by the last prescription).
For patients on dual therapy, we used the dual therapy medication possession ratio (DTMPR) indicator, calculated as follows: DTMPR = total days of supply of both drugs/2 Number of days between the first and last prescription (+days covered by the last prescription).
In order to assess the period covered by each drug, we used defined daily doses with the following formula:
Number of total defined daily doses = (Number of dosage units × Quantity of active ingredient/defined daily dose) × Number of prescribed packs.
In accordance with the study by Cheong et al, 8 a patient is deemed to be adherent when their MPR is $80%. If MPR exceeded 100%, the value was cut to 100.
For the population description, we used the following indicators:
• patients treated, ie, health care beneficiaries who received at least one drug prescription in the reference year (national health system prescription sent to a pharmacy in the local health care unit of reference) • prevalence (treated/beneficiaries × 100), ie, the percentage of patients treated with any drug in relation to the total number of beneficiaries • packs, ie, number of packs collected by a patient from the pharmacy, and mean number of packs per treated patient, ie, number of packs in relation to number of treated patients • mean number of hospitalizations, ie, the ratio between number of hospitalizations or day hospital visits and number of patients treated with oral antidiabetic agents • mean number of specialist examinations, ie, ratio between number of specialist examinations (such as laboratory tests, specialist visits, and rehabilitation) and number of patients treated with at least one oral antidiabetic agent • mean expenditure per treated patient, ie, total expenditure in relation to number of treated patients, representing the annual cost per single treated patient; the value for expenditure is derived from gross expenditure on drugs from pharmacies, DRG for hospitalizations, and examination costs • defined daily dose per 1000 persons per day, ie, number of defined doses consumed daily by 1000 citizens.
A descriptive statistical analysis was carried out to summarize the parameters for examination proposed above and assessed among the various treatment groups. The variables were studied with descriptive statistical methods, including percentages of total sample, means, and frequencies. Notes: *The 169,375 patients include both the sum of patients in monotherapy, fixed combination and dual thearpy (∑ = 143,063), and patients in mixed therapy: (N = 26,312). Abbreviation: DDD, defined daily dose. Table 2 shows the characteristics of patients treated with oral blood glucose-lowering drugs according to treatment group. It is noteworthy that the total of 169,375 patients also includes patients on mixed therapy (n = 26,312) who switched from monotherapy to dual therapy (22,890 patients, 13.5%), and those who switched from monotherapy to fixed combinations and vice versa (3422 patients, 2.0%). The percentage of patients treated with any drug is 4.2%, and they had an average age of 68.9 years. The mean annual number of hospitalizations was lower in the dual therapy group, but this group also had a younger mean age (67.5 years) than the total sample. The mean number of specialist examinations was lower in the fixed combination group (30.1 versus 35.1 of the sample). Figure 2 shows the prevalence of consumption per age and gender, and the higher prevalence of men than women is noteworthy. Figure 3 shows the adherence to monotherapies, with adherence to active ingredients assessed according to the prescription dates of each active ingredient. We found a better percentage of adherence for glimepiride (70.5%) and pioglitazone (70.4%) among the monotherapies, whereas the best adherence in the fixed combination therapy group was recorded for metformin + pioglitazone (75.5%). To avoid errors in interpretation of adherence with therapy, we excluded active ingredients used by fewer than 100 patients in the database. Figure 4 shows monotherapies per single active ingredient. Of note, the lower mean annual cost for thiazolidinedione monotherapies (including pioglitazone) which, in spite of their higher cost as oral blood glucose-lowering submit your manuscript | www.dovepress.com Dovepress Dovepress drugs, show a much lower cost for hospitalization and specialist and diagnostic care. Tables 4 and 5 show the mean total annual cost per diabetic patient divided into the different expenditure categories (drugs from community pharmacies, hospital diagnosisrelated groups, and specialist and diagnostic care). The average annual cost per diabetic patient was €2388, with differences between monotherapy (€2321), fixed combination (€2270), and dual therapy (€2465). The lower cost for fixed combination therapy is mostly due to the lower mean cost of insulin, other drugs, and specialist and diagnostic care, in spite of the higher cost of oral blood glucose-lowering drugs.
Results
Discussion
Because the burden of type 2 diabetes is significant in terms of social and health care costs, it was deemed necessary to verify consumption patterns for oral antidiabetic drugs in terms of appropriateness and sustainability of expenditure in clinical practice. Administrative databases offer low-cost information and, unlike other systems used for monitoring and assessment of quality of care, they do not require additional investment in terms of resources. 5 Data contained in administrative databases are a by-product of economic and administrative operations, so characterize patients as "consumers" of health care system services (drugs, specialist visits, diagnostic tests, hospital admissions). Assessment of drug utilization carried out using the ARNO Observatory database enabled us to determine consumption and prescription terms for an important sample of the diabetic population, to define total and per capita costs for type 2 diabetes, and to suggest policies aimed at implementing expenditure appropriateness and optimization by detecting benchmarks between districts, physicians, different time periods, consumption by age and gender, and geographic distribution of the disease. 6 However, it is important to highlight that use of administrative databases has some limitations. The data collected come directly from pharmacy invoices, so they provide a true estimate of dispensed medications but not of actual prescriptions written by doctors. The main limitation of administrative databases is indeed the lack of clinical data; because they are created for accounting purposes, they omit 10 For example, during the period of observation, some patients (more than 13%) appear to have changed their treatment from monotherapy to dual or fixed combination therapy, and the year of diagnosis probably influenced this shift. However, in our administrative database, where the patients were selected as "consumers of antidiabetic therapy", we could not select people with a similar diabetes history in order to address the adherence question better in a homogenous sample.
Measurement and understanding of the concept of adherence with therapy is not only critical for determining the effectiveness and safety of a given drug, but is also important when devising programs aimed at improving quality of drug use. 7, 11 When taking of medication deviates from the prescribed regimen, situation-specific changes in the risk/benefit ratio can arise, with a decreased benefit, an increased risk, or both. 7, 12 A number of studies have demonstrated that inadequate adherence (how far the patient follows the prescribed regimen of doses and administration intervals) and persistence (duration of time between beginning and discontinuing therapy) results in increased morbidity and mortality for a wide variety of diseases, and at the same time, significantly increases costs related to health management.
The data analyzed in this study suggest better adherence, as measured by MPR, for pioglitazone, both as monotherapy (70.4% of treated patients) and as part of a fixed combination (75.5%). Disregarding the different definitions given in the literature, the major determinants of adherence and persistence are drug tolerability, perception of need/usefulness of a treatment by the patient, willingness to take medication, and patient age and gender. Some technical, behavioral, educational, social support, and structural interventions seem to improve patient adherence and persistence with therapy.
11
It is also important to remember that in the control and monitoring of diabetic patients, physicians have not only a "clinical" role, but often need to deal with epidemiologic, management, and organizational issues which are necessary for staging, monitoring, and control of the disease process. In this respect, it seems important to gain experience with, eg, the chronic care management model under way in regions including Lombardy, Tuscany, and Emilia Romagna, which submit your manuscript | www.dovepress.com stimulate genuine cooperation between general practitioners and specialists, with the aim of shared responsibility for patients with type 2 diabetes and other diseases through effective management mechanisms. 13, 14 Comparison of the present analysis with a previous study published in 2006 3 involving 37,862 diabetic subjects in the Brescia local health care unit shows that the annual per capita cost in our sample is about 16% lower (€2388 versus €2839 for the Brescia local health care unit), mainly because of a 27% drop in hospitalization costs (€1185 versus €1612 for the Brescia local health care unit), but with a concomitant 11% increase in pharmaceutical expenditure (€852 versus €769 for the Brescia local health care unit). Constant growth in use of innovative drugs, together with traditional drugs with expired patents, probably enabled reduction of treatment costs for type 2 diabetes during the study period. Finally, it is important to highlight the need for further observational studies in this field, using data for real-world drug use and regional administrative databases, to confirm and validate further our results in clinical practice. If diabetes treatment costs continue to increase, and at a higher rate than for global health care expenditure, the availability of tools able to compare data on the use of health care interventions in terms of incremental cost per increment in efficacy clearly become of great importance; it is also necessary to transform such tools in a constant point of reference for the physicians and the health care policy makers choices. Appropriate drug prescription is of critical importance in order to achieve therapeutic objectives and to optimize the use of resources in modern health care systems.
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